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[57] ABSTRACT

A process for producing aromatic hydrocarbons com-
prises bringing hydrocarbons having 2 to 12 carbon
atoms into contact with a modified crystalline gal-
loaluminosilicate catalyst prepared by treating a crystal-
line galloa.lummosﬂlcate having a tool ratio of SiO2/-
(Ga203+4+Al1,03) in the range from 5 to 1000 with a
sulfur-containing substance. The process of the mven-
tion 1s stmple and suited for general application and the
catalyst can be prepared at a low cost. Aromatic hydro-

carbons can be produced efficiently from the matenal

hydrocarbons by bringing them into contact with the
modified galloaluminosilicate having the excellent cata-
Iytic activity. The process of the invention can be
adopted widely and effectively in the petroleum refin-
ing, in the petroleum chemistry and in the chemical
industry in general.

7 Claims, No Drawings
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1

PROCESS FOR PRODUCING AROMATIC
HYDROCARBONS -

This application is a continuation of application Ser.
- No. 08/025,556, filed Mar. 3, 1993, abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a novel process for
producing aromatic hydrocarbons. More particularly, it
relates to a process for efficiently producing aromatic
hydrocarbons from hydrocarbons having 2 to 12 carbon
atoms, particularly from aliphatic hydrocarbons having
2 to 12 carbon atoms by bringing them into contact with
a modified crystalline galloaluminosilicate prepared by
a specific treatment. |

2. Description of the Related Arts |

Zeolite catalysts of various kinds have heretofor
been industrially very useful catalysts because they
show high activities to catalytic rearrangement reac-
tions of organic compounds. Particularly, crystalline
silicates containing gallium have been known to exhibit
excellent catalytic activity in the production of aro-
matic hydrocarbons from various hydrocarbon materi-
als, such as hydrocarbons having 2 to 12 carbon atoms.
Therefore, many processes for preparation and modifi-
cation of the catalysts of this kind have been proposed.

For example, a process for production of aromatic
hydrocarbons from a hydrocarbon material having 2 to
4 carbon atoms by bringing the material into contact
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with a crystalline galloaluminosilicate catalyst modified

with steam is disclosed in PCT Japanese Application
Laid-Open No. 501357/1985. However, this process has

problems that yield of the aromatic hydrocarbons is low
and that catalyst life is short.

35

As another example, a process for production of aro-

matic hydrocarbons from an aliphatic hydrocarbon
material containing 50% or more of paraffins having 2

to 4 carbon atoms by bringing the material into contact |

with a catalyst prepared from a crystalline siliceous
gallium having a mol ratio of Si02/Gaz03 in the range
from 25 to 250 and a mol ratio of Y»03/GarO;3 of less
than I (Y is an atom like Al, Fe, Co, Cr and the like) by
adsorption of 0.1 to 5 weight % of cokes on the catalyst,

followed by a treatment of contact with gas containing -

oxygen at a temperature of 350° to 700° C., without
repeating or with repeating of these treatments up to
several times, is disclosed in Japanese Patent Applica-

tion Laid-Open No. 98022/1984. However, this process-

‘has problems that a multi-stage treatment is required for
the preparation of the catalyst and the operation of the
preparation is complicated, that yield of the aromatic
hydrocarbons is insufficient and that catalyst life is not
satisfying. |

As still another example, a process for production of
aromatic hydrocarbons from a hydrocarbon material
having 2 to 12 carbon atoms by bringing the material
into contact with a crystalline galloaluminosilicate cata-
lyst calcined at a high temperature of 700° to 1000° C. is
proposed in Japanese Patent Application Laid-Open
No. 103916/1989. However, this process requires a high
temperature of 700° C. or more for the preparation of
~ the catalyst and is not desirable because of the higher
cost of the catalyst preparation. |
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2

SUMMARY OF THE INVENTION

The object of the present invention is to provide a |
process which can overcome the problems described
above and can produce aromatic hydrocarbons effi-
ciently from hydrocarbon materials, particularly from
aliphatic hydrocarbon materials, by bringing them into
contact with a catalyst obtained by a simple prepara-
tion.

In the course of study to accomplish the above ob-
ject, the present inventors have found that the object
can be accomplished by using a catalyst prepared from
a specific crystalline galloaluminosilicate having a spec-

1ified composition by treatment with a sulfur-containing

substance and the present invention was completed on
the basis of this discovery.

The present invention provides a process for produc-
ing aromatic hydrocarbons which comprises bringing
hydrocarbons having 2 to 12 carbon atoms into contact
with a modified crystalline galloaluminosilicate catalyst
prepared by treating a crystalline galloaluminosilicate
having a mol ratio of Si02/(Ga;0O3+Al,03) in the
range from 5 to 1000 with a sulfur-containing substance.

Other and further objects, features and advantages of
the invention will appear more fully from the following
description. .

DESCRIPTION OF PREFERRED
- EMBODIMENTS

The crystalline galloaluminosilicate utilized in the
invention comprises gallium, aluminum and silicon as
the essential components thereof and has a mole ratio of
510,/(Gaz03+ Al;03) in the range from 5 to 1000,
preferably in the range from 10 to 500, when it is ex-
pressed as a composition made of oxides.

When the mol ratio of Si02/(Gaz03+A103) is
smaller than 5, the crystalline galloaluminosilicate hav-
ing such a tool ratio is not easily prepared and, even
when it is prepared, it cannot be utilized as the catalyst
because it is destroyed very easily. When the mol ratio
of Si02/(Gaz03+4 Alx03) is larger than 1000, it is not
suitable as the catalyst because the catalytic activity is
low. =

The crystalline galloaluminosilicate can be prepared
by generally known methods, such as hydrothermal
synthesis from a mixture containing a silicon source (a
silica source), a gallium source, an aluminum source, an
alkali metal source and an organic crystallization agent.

‘The conditions of the hydrothermal synthesis are not
particularly limited but the material composition is
heated to a temperature at a pressure for a time which
are necessary for the formation of the crystalline gal-
loaluminosilicate. The hydrothermal reaction is gener-
ally conducted under stirring and may be conducted in
an atmosphere of an inert gas.

As the silicon source, various kinds of material can be
utilized. Examples of the material as the silicon source
are silicic acid, condensation products of silicic acid and
silicates, such as a silica powder, a colloidal silica, a
fused silica, water glass and the like. As the gallium
source, various kinds of material can also be utilized,
such as gallium nitrate, gallium oxide and the like. Ex-
amples of the aluminum source are aluminum sulfate,
sodium aluminate, colloidal alumina, alumina and the
like. Examples of the alkali metal source are sodium
chloride, potassium chloride, calcium chloride, magne-
stum chloride and the like.
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The orystalhne ga]loalummosﬂrcate can be prepared -

K -b}’ various methods, such as (1) the method of prepara-

~tion from a material mixture comprising inorganic com-
pounds alone (without addition of an organic crystalli- -

- zation agent) and (2) the method of preparatlon from a
 'material mixture addltlonally oontalmng an orgamc,
- crystallization agent.
 The kind of the organic crysta]hzatlon agent is not -
o partrcularly limited but crystallization agents generally
- utilized for preparation of zeolites having the ZSM-5

- type crystal structure can be adopted. Various orgamc
.. compounds can be utilized as the crystallization agent.

- Examples of such organic compounds are quaternary
alkylammonium salts, such as tetramethylammonium

- bromide, tetraethylammonium bromrde, monoethyl- .

o tnmethylammomum

© monmium' bromide, . tetra-l-propylammomum ‘bromide,

| tetrabutylammomum bromide, monobenzyltnethylam—

bromide,

10 carbons, such as ethylene, propylene, butene-1, butene-

materlal hydrocarbon ora mmture of more . than one
kinds may be utilized. Though the matenal hydrocar-

‘bons comprise hydrocarbons having 2 to 12 carbon

atoms as the main component thereof, small amounts of

“other kinds of hydrocarbon may be comprised: as well.

- More specific examples of the hydrocarbons having 2 to

12 carbon atoms are parafﬁmc: hydrocarbons, such as
| ethane, propane ‘butane, pentane, hexane, heptane, oc- - -

tane, nonane, decane and the like, and olefinic hydro-

2, 2-methylpropene, pentene-1, hexene-1, heptene-l |
L “octene-l nonene-1, decene-1 and the like.

15
tetra-n-propylam-

ducted at a N
preferably of 400° to 650° C., at a pressure generally of =

'The reaction of the process of the mventlon is con-
a temperature generally of 200° to 800° C.,

0to 30 kg/osz preferably of 0 to 10 kg/cm?G. The

- reaction is preferably conducted by a continuous (ﬂow)- -

monium. bromide and the like, primary alkylamines,

A _secondary alkylamines, tertiary alkylamines, alcohola-
-~ mines,. such as choline and the like, alcohols, ethers,
- amides and the like. Quaternary a]kylammomum salts=

~ are preferably utilized among them.
- - In the hydrothermal synthesis, an aqueous mlxture 1S -
— _prepared by adding the sources described above and,
- when necessary, the crysta]hzatlon agent to water or to
~ an aqueous medium comprising water as the main com-

‘ponent thereof and then subjected to the hydrothermal

o '_ _'-._-_reactlon to obtain the crystalline galloaluminosilicate.

In the invention, the crystalline galloaluminosilicate

 sulfate, thioacetic ac1d thiophene and the hke, can be-
" favorably utilized. |
Various methods can be adopted for the treatment of

- taining substance. In a preferable method, the crystal--

~ line galloalummosﬂlcate, with or without calcination at

- 400° to 700° C. in advance to remove organic compo-

. nents, is impregnated with a solution containing 0.01
mol or more, preferably 0.1 to 2.0 mol, of the sulfur--
~ containing substance and then calcined at a temperature
45
- ‘hours or more, preferably for I to 6 hours, while the

~ 0of 300° to 700° C., preferably of 350° to 600° C., for 0.5

35

~ the crystalline galloaluminosilicate with the sulfur-con-

- process though it may be conducted by a batch process =

202 well. It is preferably conducted in a gas phase though -~ |

it may be conducted in a liquid phase as well. The cata-

- lyst may be utilized in the reaction system either as a :
~ fixed bed process, as a moving bed process orasa ﬂuld- .
ized bed process. When the reaction is conducted in a
‘continuous process, the amount of the catalyst utilized
in the process expressed by the weight hourly space
- velocity (WHSV) is genera]ly in the range from 0.1 to
100 hr—land preferably in the range fromIto 10 hr=1.
 Hydrogen gas or an inert gas (such as nitrogen gas) may L
4 De Introduced in the reaction system as the diluent.
18 treated with a sulfur-contammg substance. As the
- sulfur-containing substance, various substances, such as-
~ sulfuric acid, ammonium sulfate, hydrogen sulfide, di-
- methyl sulfide, diethyl sulfide, ethylmercaptan, diethyl

 To summarize the advantages obtained by the inven- .

“tion, the process of the invention is simple and suited for
general application and the catalyst can be prepared at -
a low cost. Thus, aromatic hydrocarbons can be pro-
duced efﬁclently from the material hydrocarbons by

brmgmg them into contact with the modified gal-
- loaluminosilicate having the excellent catalytic activity.

The process of the invention can be adOpted widely and

~ effectively in the petroleum refining, in the petroleum

40

material composition still compnses the sulﬁxr—oontam -

- --mg substance therein.

- In another method, the crystallme galloalummos:h— -

o cate, with or without ca]cmahon at 400° to 700° C. in

- advance to remove organic components, is treated ina

 gas stream containing the sulfur-containing substance
- and then calcined at a temperature of 300° to 700° C.,

 preferably of 350° to 600° C for 0.5 hours or more, ]

preferably for 1 to 6 hours.

~_ In the process for productron of aromatto hydrocar-
o ~-.fbons of the invention, hydrocarbons having 2 to 12

.. carbon atoms are brought into contact with the afore-
~ mentioned modified crystalline galloalummosﬂrcate to

- produce aromatic hydrocarbons efficiently.

As the hydrocarbons having 2 to 12 carbon atoms

- utilized as the material in the process of production of

~the invention, various kinds of hydrocarbons can be

- utilized. Examples of the material hydrocarbons are

- aliphatic hydrocarbons, such as paraffinic hydrocar- 65

- bons, olefinic hydrocarbons, acetylenic hydrocarbons

~ and the like, cycloparaffinic hydrocarbons, cycloole-
- finic hydrocarbons and the hke A smgle kmd of the

50

chemistry and in the chemical industry in general. _
The invention will be understood more readily w1th

reference to the following examples; however, these .
 examples are mtended to illustrate the invention and are
- mot to be construed to limit the scope of the invention..

EXAMPLE OF PREPARATION OF CATALYST l .

[Preparatlon of crysta]lme ga]loalummosmcate I
- Solutions A, B and C were prepared separately. Solu-

* tion A was: prepared by dissolving 211 g of water glass
mto 180 g of water. Solution B 'was prepared by dis- -

solving 4.6 g of gallium nitrate, 18.8 g of aluminum -

sulfate, 9.1 g of concentrated sulfuric acid and 264gof
~ tetrapropylammonium bromide into 320 g of water. =
‘Solution C was prepared by d1ssolvmg 80 8 of sodmm; S
chloride into 122 g of water.: | o
The above Solutions ‘A and B were sunu]taneously'.a A
“dropped into Solution C in small portions at the room = . =~ =
'temperature to form a mixed solution. ‘After the drop- = = -
 ping of the solutions was finished, concentrated sulfuric =~~~
acid was added to the mixed solution to adjust pHof the = -
R solution to 9.5 and the mixed solution was treated under -
-a hydrothermal reaction at 170° C. for 46 hoursinan =~ -
autoclave After the reactron product was cooled, a
| premp:ttated product was separated by filtration,
washed with water and dried at 120° C. for 12 hours.
It was confirmed by the X-ray diffraction pattern that

the solid product thus obtamed had the ZSM-S type o
(MFI type) structure | | -
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> |
The solid reaction product was calcined at 550° C. for
6 hours, subjected to an ion-exchange treatment using a
I N aqueous solution of ammonium nitrate at 80° C. for

6

catalyst and n-hexane was used as the reactant. The
reaction was conducted in an isothermal reactor at the

- temperature of 500° C., the WHSYV of 2.0 hr—! and the

4 hours, filtered, washed with water and dried at 120° -

C. The operations of the calcination, the ion exchange
treatment and the drying described above were further
repeated to obtain an ammonium
loaluminosilicate.

type crystalline gal-

Analysis of the galloaluminosilicate thus obtained

showed that it had the composition: SiO3:Al1,03:-
Ga203=90:2.5:0.5 (mol ratio).

EXAMPLE OF PREPARATION OF CATALYST 2

[Preparation of crystalline galloaluminosilicate II]

A solid reaction product was obtained after the hy-
drothermal reaction by the same method as in Example
of Preparation of Catalyst 1 except that 9.7 g of alumi-
num sulfate and 6.1 g of gallium nitrate were used.

It was confirmed by the X-ray diffraction pattern that

the solid product thus obtained had the ZSM-5 type
(MFI type) structure. |

The reaction product was caicined at 550° C. for 6
hours, subjected to an ion-exchange treatment using a
IN aqueous solution of ammonium nitrate at 80° C. for

10
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20

4 hours, filtered, washed with water and dried at 120° 25

C. The operations of the calcination, the ion exchange
treatment and the drying described above were further
repeated to obtain an ammonium type crystalline gal-
loaluminosilicate.

Analysis of the galloaluminosilicate thus obtained
showed that it had the composition: SiO,:Al1,03:-
G2a203=90:1.8:0.8 (tool ratio).

EXAMPLE 1

(1) Modification of the galloaluminosilicate I

The crystalline galloaluminosilicate I prepared in
Example of Preparation of Catalyst I described above
was mmpregnated with concentrated sulfuric acid by
dropping the acid to the silicate, dried at 120° C. for 12
hours and calcined at 550° C. for 4 hours in a dry air
stream to obtamn a modified crystalline galloaluminosili-
cate. - |
- (2) Evaluation of the catalytic activity

[Preparation of aromatic hydrocarbons] |

The catalytic activity on the aromatization of hydro-
carbons was evaluated by using aromatization of n-hex-
ane as an example. | |

The modified crystalline galloaluminosilicate ob-
tained in Example 1 (1) described above was used as the
catalyst and n-hexane was used as the reactant. The
reaction was conducted in an isothermal reactor at the
temperature of 500° C., the WHSV (weight hourly
space velocity) of 2.0 hr—! and the pressure of 1 atmo-

sphere for 2 hours to obtain the result shown in Table 1.

EXAMPLE 2

(1) Modification of the galloaluminosilicate I
The crystalline galloaluminosilicate I prepared in
Example of Preparation of Catalyst 1 described above

was impregnated with 2 1N aqueous solution of ammo- 60

nium sulfate by dropping the solution to the silicate,
dried at 120° C. for 12 hours and calcined at 550° C. for
4 hours in a dry air stream to obtain a modified crystal-
hine galloaluminosilicate.

(2) Evaluation of the catalytic activity

- {Preparation of aromatic hydrocarbons]

The modified crystalline galloaluminosilicate ob-

tained in Example 2 (1) described above was used as the

30
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pressure of 1 atmosphere for 2 hours to obtain the result
shown in Table 1.

- EXAMPLE 3
(1) Modification of the galloaluminosilicate 1
The crystalline galloaluminosilicate I prepared in
Example of Preparation of Catalyst 1 described above
was refluxed in a 1N aqueous solution of ammonium

‘sulfate at 80° C. for 4 hours, just filtered, dried at 120° C.

for 12 hours and calcined at 550° C. for 4 hours in a dry
air stream to obtain a modified crystalline gal-
loaluminosilicate. |

(2) Evaluation of the catalytic activity

[Preparation of aromatic hydrocarbons]

The modified crystalline galloaluminosilicate ob-
tained in Example 3 (1) described above was used as the
catalyst and n-hexane was used as the reactant. The
reaction was conducted in an isothermal reactor at the
temperature of 500° C., the WHSV of 2.0 hr—! and the
pressure of 1 atmosphere for 2 hours to obtain the result
shown in Table 1.

EXAMPLE 4

(1) Modification of the galloaluminosilicate I

The crystalline galloaluminosilicate I prepared in
Example of Preparation of Catalyst 1 described above
was exposed to a stream of gas containing 0.2 volume %
of hydrogen sulfide at 200° C. for 6 hours and calcined
at 550° C. for 4 hours in a dry air stream to obtain a
modified crystalline galloaluminosilicate.

(2) Evaluation of the catalytic activity

[Preparation of aromatic hydrocarbons]

‘The modified crystalline galloaluminosilicate ob-
tained in Example 4 (1) described above was used as the
catalyst and n-hexane was used as the reactant. The
reaction was conducted in an isothermal reactor at the
temperature of 500° C., the WHSV of 2.0 hr—1! and the

~ pressure of 1 atmosphere for 2 hours to obtain the result

45
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shown 1n Table 1.

EXAMPLE 5

(1) Modification of the galloaluminosilicate 1

The crystalline galloaluminosilicate I prepared in
Example of Preparation of Catalyst 1 described above
was impregnated with concentrated sulfuric acid by
dropping the acid to the silicate, dried at 120° C. for 12
hours and calcined at 350° C. for 4 hours in a dry air
stream to obtain a modified crystalline galloaluminosili-
cate.

(2) Evaluation of the catalytic activity

[Preparation of aromatic hydrocarbons]

The modified crystalline galloaluminosilicate ob-
tained 1n Example 5 (1) described above was used as the
catalyst and n-hexane was used as the reactant. The
reaction was conducted in an isothermal reactor at the
temperature of 500° C., the WHSYV of 2.0 hr—1 and the
pressure of 1 atmosphere for 2 hours to obtain the result
shown in Table 1.

EXAMPLE 6

(1) Modification of the galloaluminosilicate I
‘The crystalline galloaluminosilicate I prepared in

- Example of Preparation of Catalyst 1 described above

was 1mpregnated with a IN aqueous solution of ammo-

- nium sulfate by dropping the solution to the silicate,



o - shown in Table 1.

. -_phene to.the s:hcate, dried at 120° C. for 12 hours and
- calcined at 550° C. for 4 hours in a dry air stream to :
- obtain a modified crystalline galloalummosmcate

5 436 380

dned at 120“ C. for 12 heurs and calcmed at 350" C for | .

- 4 hours in a dry air stream to ebtam a modaﬁed crystal- -

line galloaluminosilicate. -
(2) Evaluation of the catalytic actmty
[Preparatlen of aromatic hydrocarbons]

~ The 'modified - crystalhne gallealummosﬂrcate ob-. |

S

tained in Example 6 (1) described above was used as the

catalyst and n-hexane was used as the reactant. The

reaction was conducted in an 1sotherma1 reactor at the

~ temperature of 500° C., the WHSV of 2.0 hr—! and the .

B pressure of 1 atmmphere for 2 hours to obtam the result 3

_ shown in Table 1

| EXAMPLE 7 |
(1) Modification of the ga]loalummesmeate I

The crystalline - galloaluminosilicate I prepared in

10

COMPARATIVE EXAMPLE 1
" (1) Modification of the galloalummosﬂmate I
‘The crystalline galloaluminosilicate I prepared

Example of Preparation of Catalyst 1 described above =
- was impregnated with concentrated nitric acid by drop-

ping the acid to the silicate, dried at 120° C. for 12 hours

-and calcined at 550° C. for 4 hours in a dry air streamto

obtain a modified crystalline galloalummesmcate
' (2) Evaluation of the catalytic activity -

[Preparation of aromatic hydrocarbons] = -
The modified crystalline - ga]lealummosrhcate ob- -

- tained in Comparative Example I (1) described above -

B ~ was used as the catalyst and n-hexane was used as the
15 reactant. The reaction was conducted in an isothermal

 reactor at the temperature of 500° C., the WHSV of 2.0

| Examrale of Preparation of Catalyst 1 descrrbed above .

- was impregnated with diethyl sulfate by dropping the

~ sulfate to the silicate, dried at 120° C. for 12 hours and
calcined at 550° C. for 4 hours in a dry air stream to

o obtam a modified crystalline galloalununesﬂmate

(2) Evaluation of the catalytic activity
[Preparation of aromatic hydrocarbons] -

tained in Example 7 (1) described above was used as the

hr—! and the pressure of I atmosphere for 2 hours to. N | :._f '

- _obtam the result shown in Table 1.

20

25

: _catalyst and n-hexane was used as the reactant. The

' '_ pressure of 1 atmosphere for 2 hours to obtam the result
_shown in Table 1 5 |

EXAMPLE 8
| 1) Modlficatmn of the galloalummosdlcate I

. was impregnated with diethyl sulfide by dropping the

- ~ sulfide to the silicate, dried at 120° C. for 12 hours and

~calcined at 550° C. for 4 hours in a dry air stream to
- obtain a modified crystalline galloalummosﬂlcate

~ (2) Evaluation of the catalytic activity
- [Preparation of aromatic hydrocarbons]

- reaction was. conducted in an isothermal reactor at the |

 temperature of 500° C., the WHSV of 2.0 hr—!and the -
- tained in Reference Example 1 (1) described above was

used as the catalyst and n-hexane was used as the reac-
tant. The reaction was conducted in an isothermal reac-

30

- The crystalline galloaluminosilicate I prepared in 35

- Example of Preparation of Catalyst 1 described above

The modified crystalline galloalummosmcate ob-

~ tained in Example 8 (1) described above was used as the
- catalyst: and n-hexane was used as the reactant. The 45

‘reaction was conducted in an isothermal reactor at the .

 temperature of 500° C., the WHSV of 2.0 hr—! and the

o pressure of 1 atm0$phere for 2 hours to obtam the result -

| | | EXAMPLE 9 |
(1) Modlﬁcatlon of the gallealummosmcate I

- 30

The crystalline galloaluminosilicate I prepared in

| Example of Preparation of Catalyst 1 described above
- was impregnated with thiophene by dropping thio-

~ (2) Evaluation of the catalytic activity
[Preparanon of aromatic hydrocarbons]

55

- The modified crystalline ga]loalummosmcate ob-
: tamed in Example 9 (1) described above was used as the
catalyst: and n-hexane was ‘used as the reactant.. The

reaction was conducted in an isothermal reactor at the

-65

 temperature of 500° C., the WHSV of 2.0 hr—1and the
pressure of 1 atmGSphere for2 hours to obtmn the result _

. shown n Table 1.

REFERENCE EXA_MPLE 1

(1) Modlﬁcatmn of the galloalummesﬂlcate S
‘"The crystalline galloaluminosilicate I prepared in

-- Example of Preparation of Catalyst 1 described above
“The modified crystalline galloalummosﬂlcate ob- |

was calcined at 550° C. for 4 hours in a dry air stream to

obtam a modified crystalline gallealumosmcate e

" (2) Evaluation of the catalytic activity

- [Preparation of aromatic hydrocarbons]: -
‘The modified crystalline gallealummosﬂlcate ob-

tor at the temperature of 500° C., the WHSV of 20

hr—1 and the pressure of 1 atm05phere for 2 hours to

obtain the result shown in Table 1.

 TABLE1 _
N | methnd of medjﬁcatlen _ yield of -
“sulfur- calcmatren aromatics: .
containing metho-d of ‘temper- (weight
substanee - treatment . ature; - %) o
Example 1 cone snﬂfune mPregnatxen _SSO‘C. - 620
‘Example2 1IN aq soln. Mprega_atmn - 550°C, - 60.3
| | of ammonivm. =~ == o |
- sulfate | - S
Example 3 1 Nag.soln. refluxing =~ 550°C. 600
: - of ammonivm | —
o sulfate | | - | |
Example4 HS = = gasflow = 550°C. 587
Example 5 conc. su]func impregnation - 350°C. 615
Example 6 1 N aq. sc:sln impregnation -+ 350°C. -~ 60.0
~ ofammonium =~ o | |
. sulfate I o
Example 7  diethyl sulfate Mpregnatlen: - 550°C. 605
Example 8§ diethyl sulfide impregnation - 550°C. 585
Example 9 = thiophene -  impregnation. - = 550°C.  59.1
Compar- - . conc. nitric ©  impregnation..  550°C. 449
ative - acid L o o
Example 1 =~ o R PR
Reference. none -~ ~ nome. 550°C. 454
Example 1. = | o B
EXAMPLE 10

( 1) Modjﬁcatmn of the ga]loalummosﬂlcate II

The crystalline galloaluminosilicate II prepared in
Example of Preparation of Catalyst 2 described above
‘was impregnated with a 1N aqueous solution of ammo-

nium sulfate by dropping the solution to the silicate,

| dned at 120° C. for 12 hcmrs and calcmed at 550“ C. for
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9

4 hours in a dry air stream to obtain a mod1ﬁed crystal-
line galloaluminosilicate.

(2) Evaluation of the catalytic activity

[Preparation of aromatic hydrocarbons]

The modified crystalline galloaluminosilicate ob-
tained in Example 10 (1) described above was used as

1

5

the catalyst and n-hexane was used as the reactant. The

reaction was conducted in an isothermal reactor at the
temperature of 500° C., the WHSYV of 2.0 hr—1 and the

pressure of 1 atmosPhere for 2 hours to obtain the result
shown in Table 2.

EXAMPLE 11

(1) Modification of the galloaluminosilicate II

The crystalline galloaluminosilicate II prepared in
Example of Preparauon of Catalyst 2 described above
was refluxed in a 1N aqueous solution of ammonium

10

15

sulfate at 80° C. for 4 hours, just filtered, dried at 120° C.

for 12 hours and calcined at 550° C. for 4 hours in a dry
alr stream to obtain a modified crystalline gal-
loaluminosilicate.

(2) Evaluation of the catalytic activity

[Preparation of aromatic hydrocarbons]

The modified crystalline galloaluminosilicate ob-
tained in Example 11 (1) described above was used as
the catalyst and n-hexane was used as the reactant. The
reaction was conducted in an isothermal reactor at the
temperature of 500° C., the WHSYV of 2.0 hr—! and the

pressure of 1 atm03phere for 2 hours to obtain the result
shown in Table 2.

EXAMPLE 12

(1) Modification of the galloaluminosilicate II

The crystalline galloaluminosilicate II prepared in
Example of Preparation of Catalyst 2 described above
was impregnated with concentrated sulfuric acid by
dropping the acid to the silicate, dried at 120° C. for 12
hours and calcined at 550° C. for 4 hours in a dry air

20
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stream to obtain a modified crystalline galloaluminosili- 4

cate.
(2) Evaluation of the catalytic activity
[Preparation of aromatic hydrocarbons]
The modified crystalline galloaluminosilicate ob-

tained in Example 12 (1) described above was used as 45

the catalyst and n-hexane was used as the reactant. The
reaction was conducted in an isothermal reactor at the
temperature of 500° C., the WHSYV of 2.0 hr—1 and the
pressure of 1 atmosphere for 2 hours to obtain the result
shown 1 Table 2.

EXAMPLE 13

(1) Modification of the galloaluminosilicate IT

The crystalline galloaluminosilicate II prepared in
Example of Preparation of Catalyst 2 described above
~ 'was exposed to a stream of gas containing 0.2 volume %
of hydrogen sulfide at 200° C. for 6 hours and calcined
~at 550° C. for 4 hours in a dry air stream to obtain a
modified crystalline galloaluminosilicate.

(2) Evaluation of the catalytic activity

- [Preparation of aromatic hydrocarbons]

The modified crystalline galloaluminosilicate ob-
tained in Example 13 (1) described above was used as
the catalyst and n-hexane was used as the reactant. The
reaction was conducted in an isothermal reactor at the

temperature of 500° C., the WHSV of 2.0 hr—1! and the

pressure of 1 atmcsphere for 2 hours to obtain the result
shown in Table 2. |

30
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- EXAMPLE 14

(1) Modification of the galloaluminosilicate II

The crystalline galloaluminosilicate II prepared in
Example of Preparation of Catalyst 2 described above
was impregnated with diethyl sulfate by dropping the
sulfate to the silicate, dried at 120° C. for 12 hours and
calcined at 550° C. for 4 hours in a dry air stream to
obtain a modified crystalline galloaluminosilicate.

(2) Evaluation of the catalytic activity

[Preparation of aromatic hydrocarbons] |

The modified crystalline galloaluminosilicate ob-
tained in Example 14 (1) described above was used as
the catalyst and n-hexane was used as the reactant. The
reaction was conducted in an isothermal reactor at the
temperature of 500° C., the WHSV of 2.0 hr—! and the
pressure of 1 atmosphere for 2 hours to obtain the result
shown in Table 2.

COMPARATIVE EXAMPLE 2

(1) Modification of the galloaluminosilicate II
The crystalline galloaluminosilicate II prepared in
Example of Preparation of Catalyst 2 described above
was impregnated with concentrated nitric acid by drop-
ping the acid to the silicate, dried at 120° C. for 12 hours.
and calcined at 550° C. for 4 hours in a dry air stream to
obtain a modified crystalline galloaluminosilicate.
- (2) Evaluation of the catalytic activity
[Preparation of aromatic hydrocarbons] |
The modified crystalline galloaluminosilicate ob-
tained in Comparative Example 2 (1) described above
was used as the catalyst.and n-hexane was used as the
reactant. The reaction was conducted in an isothermal
reactor at the temperature of 500° C., the WHSV of 2.0
hr—! and the pressure of 1 atmosphere for 2 hours to
obtain the result shown in Table 2.

REFERENCE EXAMPLE 2

(1) Modification of the galloaluminosilicate II

The crystalline galloaluminosilicate II prepared in
Example of Preparation of Catalyst 2 described above
was calcined at 550° C. for 4 hours in a dry air stream to
obtain a modified crystalline galloaluminosilicate.

(2) Evaluation of the catalytic activity

[Preparation of aromatic hydrocarbons]

The modified crystalline galloaluminosilicate ob- -
tained in Reference Example 2 (1) described above was
used as the catalyst and n-hexane was used as the reac-
tant. The reaction was conducted in an isothermal reac-
tor at the temperature of 500° C., the WHSV of 2.0
hr—1! and the pressure of 1 atmosphere for 2 hours to
obtain the result shown in Table 2.

TABLE 2
method of modification yield of
sulfur-containing method of aromatics
substance treatment (weight %)
Example 10 1 N aq. soln. of impregnation 60.0
ammonium sulfate
Example 11 1N aq. soln. of refluxing 59.6 -
| ammonium sulfate
Example 12  conc. sulfuric ac:d impregnation 60.2
Example 13 H>S gas flow 59.1
Example 14  dietbyl sulfate impregnation 60.0
Comparative conc. nitric acid impregnation 42.7
Example 2 |
Reference none none 42.1
Example 2

m
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~ While the mventlon ‘has been pa:tlcula.rly shown and o
descnbed with reference to preferred embodiments
- -thereof it will be understood by those skilled in the art -

~ that the foregoing and other changes in form and details
~ can be made therein w1th0ut departmg from the spmt
- and scope of the invention.

‘What 1s claimed is:

12

3. The process according to claim 1, wherein the:,
ca]cmmg is carried out at a temperature of 350° to 600°.

C.for 1 to 6 hours. |
4. The process accordmg to clalm 1, wherem reaction
'temperature 1§ 400° to 650° C. and the reactwn pressure

~ is0to 10 kg/cm?G.

1. A process: for pmdﬁciﬂg_ aromatic hydrecarbens-

which comprises contacting a hydrocarbon selected

10

from the group consisting of ethane, propane, butane, -
pentane, hexane, heptane, octane, nonane, decane, eth-
‘ylene, pr0pylene, butene-1, butene-2, 2-methylpropene,

' ‘pentene-1, hexene-1, heptene-l octene-1, nonene-1 and

15

- decene-1 with a modified galloaluminosilicate catalyst

having a ZSM-5 structure at a. reaction temperature of

200° to 800° C., under a reaction pressure of 0 to 30

" kg/cm?G and at a weight hourly space velocity of 0.1to
100 hour—1, said modified galloalummosﬂlcate catalyst
being - prepared by  treating a crystalline gal-

20

‘loaluminosilicate having a mole ratio of SiO2/(Ga;03.

B ~ +Al03) of 5 to 1000 with a sulfur-centmnmg substance
selected from the group consisting of sulfuric acid, am-

~ monium sulfate, hydrogen sulfide, dimethyl sulfide, :
- diethyl sulfide, ethyl mercaptan, diethyl su]fate, thioa-
cetic acid and thiophene, followed by calcining the

- treated galloaluminosilicate at a calcination temperature
~of 300° to 700° C. |

25

2. The Process accordmg to claim ‘1, wherein the |

o _mole ratio of 3102/ (Ga203+A1203) is 10 to 500

being prepared by

700°C..

3. The. process accordmg to claim 1, wherem the

| weight hourly space velocity is 1 to 10 hour—1.

‘6. The process according to claim 2, wherein the

calcining is carried out at a temperature of 350° to 600°

C. for 1 to 6 hours; the reaction temperature is 400° to
650° C.; the reaction pressure is 0 to 10 kg/cm2G and
the weight hourly space velocity is 1 to 10 hour—1.
1 A process for producing aromatic hydrocarbons
which comprises contacting a hydrocarbon selected
from the group consisting of ethane, propane, butane,

‘pentane, hexane, heptane, octane, nonane, decane, eth-
ylene, propylene, butene-1, butene-2, 2-methylpropene,
- pentene-1, hexene-1, heptene-1, octene-1, nonene-1 and .
decene-1 with a modified galloaluminosilicate. catalyst
having a ZSM-5 structure at a reaction temperature of
-200° to 800° C., under a reaction pressure of 0 to 30
kg/cm?G, said modified galloaluminosilicate catalyst
treating a crystalline gal-

loaluminosilicate having a mole ratio of Si02/(G2;03.

+Al03) of 5 to 1000 with a sulfur-containing substance - o
“selected from the group consisting of sulfuric acid, am-
- monium sulfate, hydrogen sulfide, methyl sulfide, ethyl
sulfide, ethyl mercaptan, diethyl sulfate, thioacetic acid -

and thiophene, followed by calcining the treated gal-
loaluminosilicate at a calcmatlon temperature of 300“ to

% k- kX k.
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